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NATIONAL ADVISORY CO~illITTEE FOR AERONAUTICS

ADVANCE COl\1FIDENTIAL REPORT

A SUMMARY OF DRAG RESULTS FROM RECENT

LANGLEY FU~L-SCALE-rUNNEL TESTS OF

ARMY AND NAVY AIRPLANES

By Roy H. Lange

SUMMARY

The results of drag investigations of twelve mil~tary

airplanes tested in the Langley full-scale tunnel for the
purpose of incre asing their speed are aummar-Lz ed in this
report. The purpose of this repo~t is to point out
unde s Lr-ab Le a.erodynamic features as a guide to airplane
designers.

The drag data include results of tests to determine
the effects of the cowling and cooling arrangements, the
Wing-surface irregularities, the leakage, the landing-gear
installations, the canopies, the radio antennas, and the
armament installations on the drag of the airplane. In
order to simplify the presentat~on of the data, perspec
ti ve dr awtrigs are, used to show the oc·iginal ins t allations
and the modifications investigated. Included on each
draWing is a discussion of the main results of the tests.

The results of the tests indicate that the elimi
nation of leaKage end attentic~ to detail design offer
possibilities for considerably reducing the drag. .

INTRODUCTION

Drag investigations have been made in the Langley
full-scale tunnel of a large number of mili tary ai r-o Lane s
for the purpose of increasing their speed. In 'most cases,
large reductions in dr-ag we r e found to be obtained by
careful detail design and by relatively simple modifi
cations to existing designs. A surr~ary of the results of



The data include the effects on the drag of an
airplane of several internal-flow systems for power-plant
installations, such as annular cowling inlets, wing-duct
inlets, underslung fuselage ducts, oil and coolant ducts,
carburetor intakes, and exhaust stacks. The effect on
drag of leakage througp wing-fold axes, cowling-flap
hinge-line gaps, landing gears, tail-surface gaps,
armament gaps, and cooling-air ducts is shown. Data are
also presented showing the drag increments due to the
wing-surface irregulartties, the arrangement of armament,
the shape of canoPY,and the radio-antenna installation.
The individual drag of many of these items is small. The
S~~ of their drag effects, however, will considerably
decrease the airplane speed. The velocity decrements

/ given on the figures were calculated for the airplanes
tested at their maximum level-flight speeds and will
become larger as airplanes become faster. Certain types
of items, such as cylindrical protrusions and refaired
bulges, may have a greater drag at fUll-flight speed
than wind-tunnel measurement~ indicate because of'
compressibility effects which occur at the higher speeds.
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the investigations prior to 1940 was reported in
reference 1. The data presented in the present report
are an extension of the data presented in reference 1
and include the results of tests since 1940. A special
effort has been made to present these findings in a
detailed manner,. with the aid at' sketches, in order that
the sources of excessive drag could be clearly illustrated
and methods discussed for their elimination. Because of
th~ wide variety of test conditions, the drag values are
not directly comparable from one airplane to another and
these data should be conside~ed as qualitative indications
of good or undesirable design practice. This report is
not intended to be used as a design manual but rather to
illustrate u~desir8ble design features.

The standard procedure with each of the twelve
airplanes investigated was to evaluate the drag of as
many of the component items and installations as was
feasible. This evaluation was accomplished by determining
the drag of the airplane in successive conditions from a
faired and sealed smooth airplane to the service condition.
If excessive drags were discovered, attempts were made to
determine the improvements possible within practical
limits. Many of these modifications indicated good design
methods fQ,r treating similar i terns.
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SYMBOLS

C(UIFI111 Hit 111

air-flow p ar ame t e r , square feet

angle of attack of thrust axis, degrees

total pressure, pounds per square foot

quantity rate of flow, cubic feet per second
unless otherwise specified

wing are a, s quare feet

inlet-velocity ratio

inlet velocity, feet Der second

free-stre2~ velocity, feet per second

mass density of air, slugs per cubic foot

'free-stream dynamic pressure (~PVo2), pounds
per square foot

NACA ACR N~. L5A30

free-stream static pressure, pounds per square foot

AIRP~ANES AND EQUIPMENT

p

Photographs of the airplanes mounted on the balance
support struts in the Langley full-scale tunnel are
presented in figure 1. The basic dimensions and general

~CD increment of drag coefficient

6V increment of airplane velocity, miles per hour

(
Dr ag\

CD drag coefficient --0.- Iqo,:) /

(
' t i f t \

Ct lift coefficient qoS)
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METHODS AND TESTS
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In most cases the motion of wool tufts attached to
the airplane surface was observed as an aid to the
discovery of poor! air-flow conditions. Static-pressure
measuremepts, in addition, were made at 'several points
on the aLr:'planes by mElans of' flush-type orifices in order
to, determine the speeds at which compressibility effects
might become important.

Cowlings and ducts were tested with the inlets and
outlets completely sealed and with the inlets and outlets
open (high-speed condition) in order that the drag due
to the cooling-air flow could be determined. In
conjunction with these tests, air-flow cuantities through
the ducts wer e determined from measurements of the total
and the static pressures at ~he cooling-air outlets.

The Langley full~scale tunnel and balance system are
described in reference 2.

airplane characteristics for each ah'plane are pr-e aerrted
in the three-view drawings (fig. 2). For convenience,
the airplsnes ape' identified by numbers.

The usual procedure in the tests was first to fair
or remove all protrusions em the airplane and seal all
points where air leakpge was suspected. With the airplane
in this condition, which is referred to herein as the
sealed and faired condition, a. force test was made at a
tunnel airspeed of 100 miles per .Lcuz- to determine the
drag of the airplane in the high-speed attitude. The
seals and fairings were then progressively removed and
the drag increment due to each change was determined. In
some cases the order in which seals and fairings were
removed determined the amount. of drag measured, and an
attempt was m8de in all the tests to isolate as many
drag items as possible. The results or such a series
of tests, which were made to evaluate the drag of

-aLr-pLane 6, are given in table I. Except as noted in
;'the presentation of r-esuLt s j v a.LL of the tests were made
wi th the- propellers removed from the airplanes.
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RESULTS AND DISCUSSION
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The drag coefficients of the airplanes in the sealed
and faired condition and in the service condition'are
presented in table II. In addition, a summary of the
important drag increments that were determined for each
airplane in its high-speed attitude i~ given in table II.

The principal results of the drag investigations are
presented in figures .3 to 40. These figures show
perspective drawings of the original installations and
the modifications investigated, together with the drag
increments measured during each t~st and the corresponding
decrements in the maximum speed. In order to facilitate
the use of these data asa reference for airplane
designers, a brief description of the test results is
given on each figure. The resulta are discussed herein
under the following headingst p6wer-plant installations,
installations inithe wings, empennages, armament
ins~al18tions, canopies, Bnd radio antennas.

The power~pl8nt ·install~tion, which includes the
engine and its accessories, s~ch as the cooling units,
the supercharger,· and the exhaust stacks, frequently
increases the drag 0f an s Lr-p Lane more than any other
item and especially careful ottention must therefore" be
given to its design. The data on cooling systems are
presented from consideration of the drag of the cooling
systems in the high-speed condition and, if available,
data for other flight conditions are commented upon.

InvestigGtions to decrease the drag of the air
cooled-engine instal18tions on airplanes 1, 2, and :3 are
des cr-Lbed in.figures :3 to 6. During these investigations,
substantial increases in drag were found to result from
leakage thrOUgh gaps .at the cowling-flap hinge lines •
The effect of these gaps on the drag of airplanes 6, 8,
and 10 is discussed in figure 7- If effective sealing
of gaps is not possible, the drag can be reduced by
designing the gaps to direct the air leakage backward
parallel to the direction ,of the external air flow.

..
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Insta11etions in Wings
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Because of the armament r-equ Lr-emerrts of present-day
airplanes, numer-ous ins tallations in the w.ings have been
necessary, such as gun-access and a~~unition doors,
shell-ejection slots, and inspection plates. Carrier-based

Results of full-scale-tunnel measurements of the
drag and cooling-air-flow characteristics' of' ducts .
located at various places on airplanes 3, 4, 7, and 11
are described in figures 8 to 16. More complete results
of tests, which include recommended design procedure,
of ducts located at the wing leading edge" the rear
portion of the bottom of the fuselage .. and the forward
portion of the top of the fuselage of airplane 7 are
described in references 4 to 6. The data in references 4
to 6 include measurements' of velocity distribution,
total pressure, and drag made at air-flow quantities and
angles of attack corresponding to a wide range of flight
~onditions. Discussions of the design criterions for
duct systems of power-plant installations are given in
ref'erence 7 ..

The drag caused by th~ exhaust-stack installations
on five airplanes is described ~n figures 17 to 20. The
sources of unnecessary drag of exhaust-stack installations
are large-bore protruding stacks (fi@. 17 and 18) and
unnecessary air leakage that is not directed backward
parallel to ,the external flow (fig. 19). If a collector
system must be us.ed, the drag can be kept low by placing
the stacks close to the fuselage to keep the form. drag low,
pointing the stack openings rearward to. regain the thrust
ot'the exhaust gases, and sealing around the stacks to
gi,;,re the minimum air flow for shroud cooling. Studies
have been made to determine means for recovering part of
the energy of exhaust gases in the form of jet thrust
and the results indicate that considerable gains may be
obtained with individual jet exhaust stacks. The
criterions for the design of these stacks are presented
in reference 8. ' ,

The effect on drag of installing an external
turbosupercharger unit on airplane 5 is described in
figure 21. It is important that supercharger units be
submerged or enclosed in a smooth fairing on high-speed
airplanes.
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Large gaps be twe e n the fLxed and the movable tail
surfaces have been found to cause increases in drag and
to lower the effectiveness of the tail s unfa ce s , Three
typical examples of the drag increments caused by tail
surface gaps are shown in figure 30.

Failure t.o enclose 'the taii wheel and arresting
hook in a suitable sealed fairing increased the dreg
coefficient of eirplane 10 as described in figure 31.

Careful fairing of protrusions and complete sealing
around external-armament installations ensure low drag.
Ex~ples of several armmnent installations for which
fairing and sealing modifications provided drag reductions
are given in figures 32 to 35. The effect on drag of
stowing the rea.r gun of airplane 8 is described in
figure 36.

airplanes, in addition, must be equipped with folding
wings to facilitate storage in the hold. These items,
unless carefully designed, will generally increase the
wing drag considerably by causing air leakage through
the wings and wing-surface irregularities. On
retractable-18nding-gear installations, the main sources
of drag arise f:rom leakage and turbulent,flow around
open and partly open wheel wells. Internal sealing can
reduce the drag by eliminating air leakage at the upper
wing surfaces and at the lewer wing surfaces around open
and partly open wheel wells. On airplanes 6 and 10
there was a combination of lSllkage effects. Air entered
the wings through openings at the wheel well (figs.:.. ''27
and 29) and leaked out through joints in the upper wing
surface~ (figs. 23 and 24) causing a drag increase.
Internal sealing of the wheel well should considerably
reduce the drag of the combination. Gun ports at the
Wing leading edge are other points of air leakage and
should be internally sealed. The effects en drag of

'wing-surface Lrrr-e gu.Lar-Lb Lee and air leakage on airplanes
6, e, 9, 10, and 12 are described in figures 22 to 29.
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Canopies

<Ill

CONE.Ii?? .m
•

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.

Radlo Antenna

The results of drag investigations on twelve
present-day military alrp l, ane s demons trate that wo r-t.h-«
while drag reductions can be obtain9d by ~elatively

simple sealing and feiring modf.r t c er.Lons . Elimination
of leakage and attention to detail design appear to
offer the best possibilities for drag reductions on
airplanes that are relatively clean ae r-odynami c e l l.y ,

Short afterbodiesand sharp ed3es should be avoided
on airplane canopies since they caus.e flow' separation
and low critical speeds. Points of air leakage through
canopies should be elimiuf:lted, if. possible. The results
of' tests to improve the canopy installations on air
planes 4 and 9 are described in figur·es 37 and ,8.

Three examples of radio-antenna instal18tions
considered to have excessive drag are shown in figure 390
Radio-antenna installations for which no appreciable
drag was measured are shown in figur~ 40 •. The use of
masts with thickness ratios of the order 01'25 percent
has been found ~o be, the main source of drag on radio
antenna installations. If a mast must be used, the type
of mast used on airplane 12, Which was a thin flat
metal rod, is reco~~ended.

8



1. Dearborn, C. H., and Silverstein, Abe: Drag Analysis
of Single-Engine Military Airplane Tested in the
NACA Full-Scale Wind Tunnel. NACA ACR, Oct. 1940.

7. Henry, John R.: Design of Power-Plant Installations.
Pressure-Loss Characteristics of Duct Components.
NACA ARR No. L4F26, 19).+4.

9

REFERsr r CES

2. DeFrance, Smith J.: The N.A.C.A. Full-Scale Wind
Tunnel. NACA Rep. No. 459, 1933.

8.. Pinkel, Benjamin, Turner, L. Richard, and Voss, Fred:
Design of Nozzles for the Individual Cylinder
Exhaust Jet Propulsion System. NACA ACR, April 1941Q

3. Silverstein, Abe, and Guryansky, Eugene R.:
Development of Cowling for Long-Nose Air-Cooled
Engine in the NACA Full-Scale Wind Tunnel.
NACA Al~R, Oct. 19~1.

60 Nelson, W. J., and Czarnecki, K. R.: Wind-iJ.'unnel
Investigation of Carburetor-Air Inlets.
NACA ARR, Feb. 1942.

NACA ACR No. L5A30

4. Nelson, W. J., and Czarnecki, K. R.: Wind-Tunnel
Investigation of Wing Ducts on a Single-Engine
Pursuit Al r-pLane , l\TACA A:lR No. 3J13, 1943.

5. Czarnecki, K. R., and Nelson, W. J.: Wind-Tunnel
Investigation of Rear Undersltmg Fuselage Ducts.
NAC A A.tm No. 3I21, 1943.



~ Q@i:A

.....
o

t""'
C11
>
~

o

z
>
()

>
>
()

::t'

z
o

•

CONfli 7'~

, On Reterenoe
Conditton Airplane co~iguration at CL = 0.245 oondltion loCD

(see
oolumn 11

1 Airplane oompletely sealed and faired 0.0183 ----- -----
2 Flat plate removed from nose .0189: 1 0.0006

3 Seals removed trom flapped-cowUng alr
lIxite .0199 2 .0010

4 Seals removlld trom oowl1ng-flap hinge-
11ne gape .0203 3 .oo~

5 Exhaustetaoke replaoed
,

.0211 4 ". .0008

6 canopy tairing rllmovlId, turrllt lllake
sllallld .0222 5 .0011

7 Tall whelll and arrutlng-hook opening.
6uno overed .0223 .0001

8 Aerial, ma.t, and trailing antenna .
tube inetalllld ' .0227 7 .ooo,

9 Canopy and turret leak seale removlId .0230 8' .0003

10 Leak 8IIale removlId from shook strut, -
oovlIr plate, and wing-fold ~iS .0234 9: .oo~

11 Leak seals 'removed from bomb-bay doore
and miscellaneous lllak seals

10removlId .0236 .0002

12 ' . "': .0237 11 .0001Fairings ~ver catapult hooks removed

13 Whelll-well cover plates removed .0251 12 .0014

14 Seals removed from tail-surface gaps .0260 13 .0009

15 Plates over wing-tip slot openings
removed. Airplane in servicll

.•0264condition 14 .OO~
,

Total-drag change
~

.0081

TABLE 1.- TYPJr.A..L DRAG INVESTIGATION IN LANGLEY FULL-SCALE TUNNEL

[AIRPLANE 6]

OOllfIDilllMtL
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A1~plane
1 I" IItem 1 2 ~ 4 5 6 '7 8 9 10 II 12

CD

Ai~plane seeled and fei~ed 0.020, 0.0~1~ ,0.0282 I 0.0222 0.018~ I 0.0160 C.0219 0.0215 0.0210 0.0171 0.0173 '

Ai~plene In serVice" condition, .0243 .0~37 ~0~86 .029~ aO.O~61 •02641 .0280 .0284 .0293 ' .q221 .0208

ACD

Engine cow11ng 0.0040 b-0.0004 q.0041
(~(a» (5) (6) ~

Cowllng-flap and hinge-line-gap leakage 0.0004 0.000~ 0.0005
(7(a» (7(b) (7(c) ) t ,

Wing-duct Inleta
0.0017

(10)

Coolant-~adlato~ Installation 0.0021 ,
(12(a»)

,

Oll-coole~ Installation .001B .000B
(l4(a» . (l2(b»

,
b-0.OOO4Vane~ installed 1n re.r underslung fuselage duct

\

(l~)

Carburetor 'scoops .0002. (15(a»

Exhaust a t.ecks .000B .0021 0.0010 .OOO~ 0.0007
(lBI (l7) (19) (20(a ) (20(b) )

S~perch~rger Installation 0.0040 \

(21(a»

~ing-fold-axls leakage and gun-access doo~a \ .0004 .0012 •Q007 .0005
(24) (22) (23) (25)

Sanded walkways .0010
(26)

Lan<ling gea~
.0014 .0005 .0009

(27Ic» (28) (29(a»

Armament .900B .0007 .0002 .0004 .0017 .0005
(~2) • (36) 1351a)) (~5Ib» m(a),34) (35(c»

Tall-surface-gap leakage .0009 .0005 .0007
(~Ol,,» I~O(b» "Ole) )

Tall wheel end a~~eatlng hook .0005
\ (31 ) .

Canopy modlficatlon -.0004
1m

Ra<lio antenna .0004 .0004 .0003 0 0
1~9(c» 1~9Ia» (3')(b» (40(a» (40(b»-,

'aEstimated d~ag coefficient.
bIolQd1ficet1ens.

"

CONi 1£ L

TABLE 11.- IHDEX OF IMPORTANT DRAG RESULTS

[Hwabe~a in pa~entheses ~fe~ to ~igureaJ

--CON F' 1DEi 7 &sWa NATIONAL ADVISORyl
COMMITTEE fOR AERONAUTICS
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>-n
>-
>-n
~

2::
0.
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(e) Airplane 3. Service condition e~6ept for sealed cowling
holes; outer-wing panels rem~ved.

Service condition; propeller removed.

'"

la,b,cFi g.

* I' t'

in Langley full-scale

Service condition; propelle~ removed.

Ca) Ai~plane 1.

- C'b)' Airplan~ 2.

Figure 1.- Airplane~ mounted' for tests
tunnel"

NACA ACR No. L5A30
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Fig. Id,e,'f

Figure 1.- C~ntinued.

(e) Airplane 5.- Engine-nacelle installation;
propeller installed.

ff) Airpiane 6. Service condition; prope12er removed.

Cd) ~irplane 4. Service condi~ion; prope~lers removed.

NACA ACR No. L5A30



Fig•.lg,h,ii £2liEGil!

Figure 1.- Continued.

.(h) Ai rplane 8. S-eal ed and fal red C ondi t Lon:
prop-e-l-ler removed'. .

(g) Airp~ane 7. Tunne~ mdck-up;. propeller installed •

(1) Airplane 90 Ser~ice condition; propeller remDved.

NACA ACR No. L'5A30
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NACA, ACR No~ L5A30
c_

Fi g. Ij.k,l

(j,) Ai~plane 10. Service condition.

( k) Ai rplane 11. Service condition.

ell Airplane 12. Sealed and faired condition: propeller
removed __

,-" ss'e •Figure I! - c oncIuded, I
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Weight '5561b

Wing section
Root NACA 23017

Tip _:.... __-------- NACA 23009
Wing area ~_ -e- - __ 290.0sqtt
Inver~ed-vee 12-cylinder engine
400 hp at 3000 rpm at 12.000 ft
Propeller gear ratio 3:2

Weight __ "'- ..:._ 6000Ib

- Wing section
Root:.. NACA 221fj

Tip ---'--..:..NACA2Z09
Wing CI"ea =- Z36.0 sq,ft
Twin-row engine
Millterry 1000 hp crt 2700 rpm at 14.500 ft
Propeller C)eerr ratio ~ 16:9-

AIRPL.ANE

AIRPLANE 2

NACA ACR No. L5A30

Figure 2.- Basic dimensions and general airplane char~cteristlcs

of twelve air planes- tp.s ted.



Fig. 2 Cont.
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Weight ~ 19.1.50lb

Wlnq section '
Root__ ..::..~ __ .,..: NACA:230IB
TIp ., NACA 23009

Wing area . 4615.0sq.ft
TwO twIn-row engines
1400 hp at 2400 rpm at 11,500 ft
Propeller gear ratio _-::- 1(5:9

.coun DE)! T T 'I e

Weight .:.. . 14,1500lb

Wing section _
Root, -"-_ NACA 23016
TIp NACA 23009

WJnq area .::... 321./5 sqtt
TWo Inllne Iiq.uid- cooled supercharged engines
1400 hp at 3000 rpm at 20',,000 ft
Propeller gear ratio 2=1

AIRPLANE 3

AIRPLANE. 4

Figure 2.- Continued.

_6;~-1'-1

-===~~~~==-

NACA ACR No. L5A30
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Fig. 2 Cont .
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weight ._:- -_-14.4~Z IlJ

Wing sectiOn
Root :.... NACA 2301~

Tip • .-----...:. NACA 25009_
Wing area -_490.0Sqft

TWin-row two-speed-supercharqed engine
13~O hp at 2400 rpm at· 15;000 tr
Prope.ller gear mtio 1619

AIRPLANE 6

AIRPLANE 5

gu £b~

Figure 2.--Contlnued.

.Weight '6.000lb
Wing· section .

Root' ---C.A.c. 22.-
Tip ..::. :.... ~~C.A.C.9.5%

f:F??-¢;;::r:::::==~ Wing area - ------ -,...:: - - -'-- 1048.0 sCJ it
Four twln-mw. two-speed-supercharged enqlnes
1200 hp at 2600 rpm at 26'..000 fT
propeller gear ratio lth9

NACA ACR No. L5A30



Fig. 2 Cant.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

_9112 iZ£IJiIAE

Welqhf _-,. 6500lb
WII'19 section - .

Root ,- NACA 23016-'
Tip NACA 23009

Wing area 170.0Sq.ft

Inllne lIq.vld- cDOIeden9/ne
IJ:JO hp at 3000 rpmotl2,OOOtt
Propeller 9f!ar ratio ~ Z:I

Welqht -: ~ 12.7771b

Wlnq section
Root -'- NACA 23017
Tip NACA 23009

Wing area 442.0Sq. ft
Twin- rt:lW two- speed- supercharged engine
IS:SO hp at 2400 rpm at la,ooo f t
Propeller 9sar ratlo -_16:9

AIRPLANE B

AiRPLANE 7

rgm[EIESli il XL

""O'D'A •

r-=;":-l
= .~"~r .

. fZ'-O' ClAM. - '.

~
. 31~"2'~..

. /-- - " .

- / " .
I \

NACA ACR No. -L5A30



Fig. 2 Cont.

weight ~__....i II.#/Ib

Wing section _
Root NACA 23015tHModifled)
Tip __ ..;:.._~ .NACA 23009

Wing arwa '- 334.0Sq ft
Twin-R)w two-stage-supercharged engine

_ 16~O hp at 2700 rpm at 25;000 tt
Propel/er gear mlo 2'1

/

NATIONAL ADVISORY
COMMITTEE FOA AERONAUTICS

Weight .,'; __ . -:-II,OOOlb

Wing section _
RooT' NACA 2-,015·
Tip ...i ...i_ NACA 23009

- Wing area ~ ::- 314.0sq ft
Twin-row two- stoge-sup.rcharqed enqine
1!550 hp at 25!50 rpm at 25,lSOO tt
F'ropeller gear mtlo ....:__ 2'1

AIRPLANE 10

AIRPLANE 9

SN 2 2 bid PI!.

Figure 2.- Continued.

IS"I'DIAM.

\ ,

~
' 4Z"10"

,- -
/'

I

NACA ACR No: L5A3Q



-
Fig. 2 Conel.1d

Weight -- ,.- ....::._. B4IZIb

Wing section __NACA-NAA cempremlee low drag
Wing areCl_~ ......, 233.2 Sq.ft

Inllne liquid-cooled $Jpercharged. engine
1300 hp at 3000 rpm at-24.200 ft
Propeller gear ratio -.: 44:Zf

NATIONAL ADVISORY
COMMITTEE FOA AERONAUTICS

AIRPLANE 12

AIRPLANE II

,;;J1JJ.ViilP----
Weight ~ 7662'0

WIng-SeCtion
Root -'-_..:.... -eNACA 66 serles-
Tip ~..:.__NACA 66 series

Wing Qret:l_..:: ~ __ Z4S;Osq ft

hUne Ilquid-c:ooled ooxlliary-stoqe-supercharqed-eng'M
II!SO hp er 3000 rpm at 22.400 ft

_ Propeller gear rGtio --, 2.23:1

Figure 2.- Concluded.
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2Lb

Q, 16,000 cu tt per min
H - Po, O.40qo

Oil-cooler outlet

ri'sQN$; i!If~

eta

I1CD, 0.0040
I:J.V, 17 mph

Engine-coolini- air inlet

(a) Original long.nose cowllng.

Flgure 3.-Cowllng drag on airplane 1.

The or.lginal· long-nose cowl1ng on airplane 1, wh1ch had a 20-1nch propeller
shatt extenslon to permit a cowl1ng shape ot higher tlneness ratl0, lncluded an
inlet that was. too small and leading edges that were. too sharp•. The sUdden'ehange
ln directlon and the extreme expanslon ot the high-velocity coollng all' lnto the
large volume ahead ot the engine'resulted in a total-pressure recovery ln tront
ot the engine cylinders of onlyO.40qg. T~e drag coefflcient was 0.0040 ~eater
tor the original installation wlth an exit area of 167 square-inQhes (cooling'
flaps ~n closed Position) and an a1r-flow quantlty of apprOXlmately 16,000 cublc
feet per minute at 350 miles per hour than for the sealed and smooth 'cowling w1th
the sooop removed. Cow11ngs were developed 1n the Langley full-scale t~nel

(t1gs. 3(b) and 3(d» to reduce the drag ot the orig1nal cowl1ng.

NACA ACRNo. L5A30



(b) Large annular 1nlet. Sp1nner A.

F1gure 3.- Cont1nued.

A cow11ng w1th an annular 1nlet and an 1nlet-veloo1ty ratio of 0.25, deslgned
to reduce the k1net1c-energy losses' of the oool~ng air and to av01d the large·
external drag of the or1g1nal cow11ng (tig. 3(a», was next tested. As compared
wlth the sealed and smooth cowl1ng w1th the scoop removed; the airplane dragcoef'fl=
alent was lncreasedto 0.0022 wltQ an air tlow·of approx1mately 12,000 cublc teet
per minute and to 0.0027 with an air flow of app~oximately 17,000 cub1C feet per
minute. Pressure measurements along the sp1nner ind1cated a flow reversal caused
by a h1gh adverse pressuregrad1ent. The total pressure at the rear of the d1ffuser
was s11ghtly less than:0.90Qo for these cond1tions. The dimens10ns of the annular
1nlet cowl1ng w1th spinner A are g1ven in figure 4.

~AL Fi g. 3b

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

2£iLZ

Q, 17,000 cu ft, per min
H - Po' 0.90Qo

em'?!

ACD' 0'" 0027.
AV, 13 mph
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Fig. 3c
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Collector rlng

Jor £ill~

Sectlon at Smooth cowling outlet

Sectlon at orlglnal cow11ng outlet.,

-

Cowl1ng-tlap

•

(e) Radial-eng1ne-cowling outlet.

F1gure3.- Cont1nued.

The drag of the annular-inlet cow11ng w1th spinner A was cons1dered
excess1ve and the outlet was next 1nvest1gated (reterence 3). Removing
the cowllng-tlap gear and exhaust collector r1ng and install1ng a smooth
outlet decreased the drag ot the cowling by 0.0007 w1th an a1r tlow ot
approx1mately 13,000 cubio teet per m1nute. In addit1on, a bottom ex1t
was prov1ded by remov1ng the 011 cooler and enlarging the o1l-cooler
ex1t to allow an engine-coo11ng-a1r tlow of approximately 13,000 cub10
teet per minute w1th the oow11ng tlaps sealed. Th1s arrangement turther
reduced the drag by 0.0004.

NACA-ACR No. L5A30
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Q, 21,000 eu tt per mln
H - Po, 0.97Qo

~CD, Oe0012
~V, 6 mph
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(d) Small annular inlet. Spinner B.

Flgure 3.- Concluded.

In order to reduce the adverse pressure gradient along splnner A ot tigure 3(b)
and to increase the total-pressure recovery in thedlttuser, the inlet-veloclty ratl0
was increased to about 0.5 on spinner B by lncreaslng the splnner slze and thus
reducing the annular-lnlet area. Wlth the bottom exlt open and the cowling flaps

-sealed, the cow11ng drag coeftlc-ient was reduced 0.0005 as compared with that measured
With spinner A and the same outlet, and the air tlow was increased to approximately
14,000 cublc· feet. -per minute. The 90w11ng flaps were then unsealed and the a1r tlow
was lncreased to approximately 21,000 cubic teet per minute, whlch was sufficient for
the engine, carburetor, and 011 cooler. Th~ cowling drag coefficient of 0.0012
measured for this arrangement 1s the lowest that has been obtaine~ in Langley full
scale-tunnel tests of cowlings for radlal a1r-oooled engines. Pressure measurements
over the cowllng lndicatethat the, critlcal Mach number is 0.74. The dimensions ot
the annular-inlet cowllngwith spinner- B are given in tigure 4.



F1gure 4.- Annular-inlet cowl1ng with sp1nners A and B on a1rplane 1.
All dimens10ns are g1ven 1n 1nches.
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Cowling
x 11 Yo

0 1.05 1.05
.125 .65 1.60
.25 .50 1.85
.50 .32 2.20

1.0 .12 2.65
2.0 0 3.40
3.0 .04 4.00
4.0 .13 4.55
5.0 .30- 5.04

20.0 2.35 9.75

So1nners
x s y'
0 0 0
5 1.20 1.45
1 1.72 2.00
2 2.49 2.95-
4 3.85 4.50
6 4.9.3 5.73
8 5.80 6.70

12 7.21 8.20
16 8.33 9.38
20 . 9.20 lq.28
24 9.80 10.92
28 10.22 11.42
48 11.97 13.57



Carburetor-air inlet
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F1~re 5.- Cowl1ng modificat10n on airplane 2.

Flight tes~1i showed that the inline air-cooled engine of airplane 2 did not cool satisfactorily in any tl1ght.
attitude 1n the orig1nal condition. Tests 1n the Langley full-scale t.unnel revealed that losses in the cool1ng
system were excessive because of restr1cted inlet and outlet open1ngs. The inlet was accordingly lowered and its
area 1ncreased from 188 square inches to 24lsquare inches and additional outlet openings of 75 square inches were
installed on each slde of the cowling. These modifications increased the power-on 1nlet total pressure 25 percent
1n the cl1mb a~tltude, principally because the inlet was lowered into a region of higher slipstream velocity. In
addition, the average t~tal pressure in front of the engine cylinders was increased. The drag coefficient w1th
propeller removed was decreased 0.0004 by the cowling modification. This reduction is attributed mainly to the
improved shape of the cowling lip.and ~he greate.~y10; ,;he internal flow.
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ACD' 0.0041
AV, 13 mph _

Figure 6. - Original cowl1~g ~n airplane 3.

Some makesh11't methods of oontrolling the a1r-flolrquan1i1t.y have been found to
cause excessive drag. On airplane' 3, for example, the deSigners cut. eight holes,
each With an area of 12.5 square inches, 1n the pe;1pher,y of , the cowling Just. behind
the cylinder baffles in order to remedy unsatisfactory coo11ng of the engine in the
c11lllb condition. Tests by the Army and the manufacturer indicated that the coo11ng

. problem was not. remedied for the climb cond1t,ion and t.he flow d1st,ur.bances caused
by the holes resulted 1n an 1norease in drag coefficient of 0.0041 for the COWlings
ot the t.wo engines, which oo~esponds to a decrease in the airplane h1gh speed of
about 13 mlles per hOUr. .

Fi g. 6
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COMMITTEE FOR AERONAUTICS

/ \

,
NACA ACR No. L5A30



.~ -.,J

PI

t""'
U1
>'
C1'l
o

>:z;J
roo

oq
,.

z
>
(")

>
>
(")

::tl

z
o,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Lower cowling flaps

~

Upper cowllngflap

£\CD' 0.0004
£\V, 2 mph

(a~ Airplane 6.

Figure 7.- Cowling-flap-gap drag.

Drag increa~es were measured when the doped-tape seals were removed from the gaps at the hinge 11ne ot
the closed cowling tlaps of airplanes 6, 8, and 10. The arrows show points of leakage that disturbed the
external flow and resulted in an 1ncrease of drag. More complete sealing or directing the air tlow backward
would tend to eliminate this drag 1ncl'ement. .
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(b) A1rplane 8.

F.1gQre 7.- Cont1nued.
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Fig.9a,b,e

(0) Inlet 4.

ohord- line
--t~--""--C=

---

(a) Inlet 1.

(b) Inlet 5.

/

Inl.et CL toeD Q/Vo H - Po

1
0.12 0.0006 0.56 0.95Qo

.89 .22Qo

5
.12 .0022 .56 .86%
.89 .87Qo
.12 a.OOll a.56 .95Qo

4 .89 .6~'L

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 9. - Representative inlet shtiPe8 test"ed on airplane 7.

The small sharp-11p inlet with the inlet plane perpendicular to and the
d1ffuser axis parallel to the wing oh~rd (inlet 1) showed the lowest drag at low
lift ooefficients. At high lift coeffioients, th~ internal flow separated from
the lower lip and resulted in a loss in pressure recovery at the face of the
radiator. Inlet 5 (referenoe4) was designed to obtain higher pressure recoveriee

-at -high 11ft coefficients. At low 11ft coefficients, however, the pressure recove17
for inlet 5 wa!i less than tor _inlet 1 because separation occurred Just inside the
upper lip. No separation ooourred at high lift coeffioients and the preseure
recovery was higher With inlet 5 than with inlet 1. The drag of inlet 5 was the
highest of all the inlets tested. Obviously, from the reeults obtained With
inlets 1 and 5, a compromise 1nlet shape was necessary (inlet 4). Inlet 4 was the
most satisfactory in oonsideration of high pressure recovery_and low drag tor a
large range of flight conditions. When inlet lips are extended (inlet 4), the
design should be me:de with due ragard to the external shape. Bince XU> drag data
were available for inlet 4 at Q/Vo:ll 0.56t the drag increment gtven was estimated
from available data at Q/Vo• 0.70.

NACA ACR No. L5A30
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Flgure 10.- Wlng-duct 1nlet on airplane 11.

A drag-eoettlclent lncrement ot 0.0013 'was measured when the seals were removed trom the wlng-duot 'lnlets
and eXlts with the exlt tlaps at 00 tor airplane 11 ln the hlgh-speed condltion. Removlng seals trom ~oles in
the top ot the duct eXlts tor tlap-control 'push rods added an increment ot 0.0004, which made the total-drag
coettlclent 0.0017 tor the orlg1nal lnstallatlonw1th a large quantlty of a1r tlowlng through the duct because
ot air leakage at the exlt tlap. Tests wlth the propeller bperatlng showed that serlous 10,8ses ln total
pressure recov~ry occurred as a result ot the mlsallnement ot the duct llps to the alr stream caused by the
sllpstream rotatlon. In order to remedy this condltlon, modltied lnlets were installed (tig. 11) wlth the
plane ot the lnlet on the slde ot the upgolng prope+ler blade t11ted 150 tarther downward than the plane Qt the
lnlet on the slde ot the downgolng propeller blade. A turther modlflcatlon, whlch conslsted ot an increase in
area ot therlght and lett lnlets trom 55 to 73 square lnches, was made to lower the lnlet~veloclty ratl0. For
the hlgh-speed condltion, wlth theexlt tlaps at 00 , the modltled lnlets decreased the drag coett1clent 0.0005
and lncreased the total pressure at the taces ot the radlators 15 percent. The coollng ~as lmproved tor both
the hlgh-speeda~d cllmo con~ltlQns wlth the m~tled lnlets.
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R/ght inlet

Origint:ll
-"- -- Mod/~ieCl

Figure 11.--Sect1ons at centers of original and modified
wing-duct inlets on airplane· 11.
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(a) Coolant ducts •

. Figure 12.- Duct installations on airplane 4.

The drag coeff1cient· of the experimental airplane 4 With the four ~riginal .
coolant radi.ator ducts installed and with the outlet flaps open (exit seals removed)
for ·the high-speed condition WaS 0.0021 greater than for the airplane with the ducts
removed. Revised duc~s for the production airplane were installed with a smaller
inlet area and highe~ inlet-velocity ratio. The increase of drag coefficient due to
the reVised ducts was 0.0024 but the air-flow quantity was increased 9 percent as
compared with that of the original duct. With the revised inlets and With the
outlet flaps full open, however, the air-flow quantity was 6 percent less than with
the original ducts for the same condition and the drag was 0.0051 as compared with
0.0043 for the original ducts. Since the ducts are in a region o~ low-energy air,
sufficient cooling cannot b~ obtained With low drag.

-
Fig. 12a

coolant-duct inlet

.:lCD. 0.0021
/iV. 12 mph

.:lCD. 0.0024
sv, 14 mph

Revised coolant-duct inlet

•
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(b) Oil-cooler 1nstallatlon.

Fl~re 12.- Concluded.

The oll-cooler alr lnlet-on alrplane 4 1s set at such a high obllque angle to the dlrectlon ot the alr stream
. that the flow tends to overrun the lnlet. For the alrplane ln the high-speed a~tltude, the average total-pressure
recovery, at the taces of the 011 coolers was only 0.33Qo. Extendlng the lower lip of the 1nlet forward 1n order
that the plane of the lnlet wl11 be more nearly normal to the local alr flow should result 1n the recovery of most
ot the aval1able total pressure. The increment of drag coefflclent glven on the flgure 18 the difference in the
Qrag of the alrplane With both the lnlets and outlets sealed and unsealed.
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ACD"J 0.0004,
t.V, 2 mph

F1gure 13.- Gulde vanes installed 1n the rear underslung duct of airplane 7.

Vanes were 1nstalled 10 the rear underslung duot of a1rplane 7 to reduoe the pressure losses at the radiator
tace as a result of separat10n caused by a thick boundary layer at the 1nlet. The drag coeff1c1ent was 0.0004
less w1th thl) gU1de vanes 1nstalled 1n th~ d1ttuser and the outlet than without the vanes. In add1t10n, the.
pressure recovery at the ,radiator face'was 100reased by the vane 1nstallation from 0.69~ to 0.83~ at aT • 0.20

and from 0.84<10 to 0.92<10 at a.T • 10.4°.
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QjVo' 0.12
H - Po' O.40Qo

CONFIDENTIAL

AC]), 0.0018
AV, 7 mph

CONFIDENTIAL

(a) Orlglnal Quct lnlet~

Flgure 14e~ 011-cooler lnstallatlon on alrplane 3.

The total-pressure recQyery measured at the faoe of the 011 opolar ofalrplane 3 for the h1gh-speed cond1t1on
was only 0.40900 Th1s low reoovery of total pressure 1s attr1buted to the thiok boundary laJer at the duct l~let. '
~e drag due to duots on both nacelles wlth the outlets open for the 41gh-speed cond1tlon was 0.0018 greater than
wlth the ducts removed. The Langley full-scale-tunnel modlfication to improve this installation ls described in
fi~e 14(b).
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(b) Modified cowling and ducts.
, ,

rigure 14.- Concluded.

A new oil-cooler duct was constructed for airplane 3 having i~s inlet flush w1th the face of the cowling and a
gradually expauding diffuser. The total-pressure recovery at the face of the 011 cooler was increased to 0.95Qo
and the drag coefficient reduced,by 0.0008 as a result of this modification. ~
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,JilfW F' Dill' 11~

...........L·

ACD& 0,,0010
AV, 5 mph



15aFig.

NATIONAL ADVISO~Y

COMMITTEE FOR AERONAUTICS

gUT! 2tt

Area. 37..5 89 in.

Ram, 0.91Qo
aCD, 0.0002

------------

VlIVo, 0.49
Q/Vo, 0.07

, '----"--------,----
-,-: I

\ I

•GthflIBEiJIIXL

Inlet/area.. 19. 8 89 in.

NACA ACR No.' L5A30

(a) Scoop 1.

F1.gure 15. - Ca~buretor_a1rscoopS on airplane 7..

The scoops tested on airplane 7 were ot ,conventional protrud1ng design. The
inlet areas were var1ed tor the d1tterent scoops and s11ght. variations were also
made in the external shapes ot the scoops. The best results were obta1ned at
1nlet-velocity ratios between 0.4 and 005. At inlet-velocity ratios below about
0.3, boundary-layerseparat1on occurred at the 1nlets. The increment ot drag 1s
the d1tterence 1n drag ot the airplane with and w1thout the carburetor-a1r system
and includes the drag due to tlow t.hro,ugh ~e outlet. duct and the outlet losses•



Fig. 15b
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(.b) Scoop 2.

'1~ 15.- Oontinued.

VlIvo, 0.32
Q/Vo' 0.01

Inlet area, 30.3 sq in.
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(0) Scoop 3.

Figure 15.- Cont,1nued•
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(d) SCoop 4.

'1~. 15.- Concluded.

. teSiiL

Vl/Vo' 0..21
Q/Vo' 0 ..06

Inlet area, 32.7 sq in.

/

NACA ACR No. L5A30

.:



Fig. 16

NATIONAL ADVISORY
COMMITTEE FOA AERONAUTICS

in.

Ram, 0.91'10
ACD, 0.0003

....12£dL.!AL

_----------1------
~---=---' _.--t----
~------..;.------_i----- .

Inlet area, 26.3 sq In.

NACA ACR No. L5A30

Figure 16" - Carburetor-air scoop 5 on airplans 1.

Propeller-operating,testa were made with scoop 5 installs", on a1rplane 1 to
determ1ne the advantage ot turning the inlet directly into the slipstream. An
increase in ram ot 3 peroent ot the tree-stream dynam1c pressure was measured as
a result ot turning the scoop tor the hign-speed propeller~operat1ngcondition.
The ettect on the drag ooetficient. ot turning the scoop 1I'as negl1gible.



~CD' 0.0021
AV, 9.5 mph

Fi~e 17.- Exhaust-stack drag on alrplane 8.

The large protrusion and the air leakage around the large-bore stovepipe
exhauat stacks on airplane 8 account for a drag-coeff1cient increment of 0.0021.
Engine-operating tests at low speed were made both w1th the or1ginal eXhaust stacks
installed and wIth 1ndividual Jet exhaust stacks installed. The tests ind1cate
that the increase in thrust due to the ind1vidual Jet eXhaust, stacks would Increase
the a1rplane speed by approximately 13 miles per hour over the speed w1th the
original exhaust stacks installed. Th1s thrust increase 1ncludes the difference 1n
drag between the or1ginal exhaust stacks and the individual Jet exhaus t stacks.
Calculat10ns based on the methods of reference 8 1nd1cate that w1th the use of
opt1mum-size Jet exhaust stacks a further increase of 3 miles per hour would be
poss1ble.

Fig. 17
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ACD, ,0.0008
AV, 3 mph

Figure 18.- Exhaust-stack drag 10n airplane 6.

The installation ot this large-bor~ exhaust stack with large leaiage gaps
around the stack increased the drag by 0.0008. The 'Ilse ot stovep1pe exhaust stacks
ot thl~ type and ot the type used on airplane 8 (tig. 17) should be avo1ded because
of the large l'orm drag.

Fi g. 18~ UTI fI
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MD' 0.0010
A'l, 6 mph

Figure 19.- Exhaust--staok drag on a1rplane 9.

Removing the seal trom the exhaust open1ng ot a1rplane 9 1ncreased the drag by
0.0010. 'The torm drag of the installat10ns shown in t1gures 17 and 18 has been
avoided in this design; however, the large amount ot a1r leakage trom the compart
ment beh1nd the engine out througn the large opening around the exhaust stacks
accounts tor the excess1ve drag ot the installat1on. Some ot th1s drag would be
reduced by directing the leakage flow rearward. Much larger ga1ns can be obtained'
by the use ot 1nd1v1dual Jet exhaust stacks.
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Fig. 20a,b
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6CD, 0.0007
AV, 4 mph

(ll) A1rplane 12.
'.

ACn, 0.0005
fJ,V. 3 mph

(a)1 Airplane 11.

FlgQre 20.- Exhaust-stack drag on a1rplanes 11 and 120

Removing the sealed metal fairings that enclosed the e~aust stacks ot
airplanes 11 and 12 increased the drag coeff1c1ent 0.0005 tor 'airplane 11 and
0.0007 tor a1rplane 12. ~ese exhaust stacks are relat1vely good installations.

NACAACR No. L5A30



Fi g. 21a, b
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ACD, 0.0040
AV, 11 mph '

(a) Original installation.

<.'.'.",

-

ACD' 0.0027
AV, 8 mph

'(b ) SUbmerged installat10n.

Figure 21.- 'l'Llrbosupercharger drag on airplane 5.

An ~crement otdrag coefficient ot 0.0040 was measured tor the ex.posed
supercharger or the original installation ot airplane 5 (1'1g. 21(a». Sub
merging the supercharger and sealing the opening at the end.of the ns."elle as
shown in fi~e 21(b) decreased th~ drag coefficient or the installation to
0.0027. For the propellsr-operating condition, _t~e d1tterenc$ 1n drag will be
muoh greater beoause the submerged installat10n w111 direct the eXhaust ~ses .
rearward. The submerged iAstallat10n would require shroud cooling. The drag
increments are given tor tour nacelles and are based on the airplane wing area.

"
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Fl~re 22.- Ettec~ on wing drag ot irregularit!ea and leakage on airplane 9,

The unusually 'large number ot cover plates, access doors, butt J01nts, and air-leakage points on the wing ot
airplane 9 caused a drag increase ot O_OO12.'Most ot this drag could have been avoided by better f1tting and
elim1nation ot alrleakage. \ \
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ACD' 0.0001
AV, 4 mph

F1gure 23.- Et·f'eot. OD. wing drag ot 1rregularit1es and leakage OD. a1rplane 10.

. An increase -in drag coefficient of 0.0001 was measured when the doped-tape seals were removed from the gape
at the wing-fold Joint and gun-access and ammun1tion doors. Cons1derableleakage drag Oan be eliminated by sealing
these gape.
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6CD, 0.0004
6V, 2 mph

Figure 24.- Effect on wing drag of leakage on airplane 6.

An increase in drag coefficient of 0.0004 was measured when the doped-tape seals wereremoved,trom the
wing-fold Joint6 on airplane 6.
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'/~____ l.inkaqe -~ection slots

von X' X U!:I11 X X Ai •

~

aCD, 0.0005
av, 3 mph

Fi~re 25.- Effect on wing drag of lrre~larities and leakage on airplane 12.

Air entered the large shell- and linkage-eJectio~ slots on the under surface of the wing of airplane 12 and
·leaked through the ammunition doors on the upper surface, thus increasing the drag. Sealing the slots when the
guns are not in use or sealing the ammunition doors would eliminate this drag increment.



6CD' 0.0010
",5~h

Figure 26.- Effect on wing ~rag of sanded walkway on airplane 9.

The sanded w.ing walkways, which protruded about 1/4 inch above the wing surface of airplane 9,~ere responsible
for a drag increase of 0.0010. Ttese walkwa/s area source of excessive drag and should be eliminated on high-speed
airplanes. ~
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(a) Completely sealed•.

\

~CD' 0.0007
~V, 3 IIlPh

(b) Partly sealed wheel wells.

NACA ACR No~ L5A30

ACD, 0.0014
~V, 6 mph

(0) Original wheel well.

F1gure 21.- Land1ng-gear drag on airplane 6.

Completely sealing the open wheel well of airplane 6 decreased the drag
ooeff101ent by 0.0014 and partly'sea11ng the wheel well deoreased the drag coeffi
cient by 0.0007. The h1gh drag of th1s 1nstallat1on 1nd1cates the importance of
sea11ng open wheel wells. Internal sea11ng around the wheel we~l of th1s airplane
and of.a1rplanes 8 and 10 should cons1derably reduce the drag due to a1r leakage.

-.



aCD, 0.0005.
av, 3 mph

~igure 28.- Landing-gear drag on airplane 8.

The partly open wheel wells on~irplane 8 accounted for a drag-coeffic1ent increment of 0.0005. This ~ncrement
~as measured when cover plated were removed from the exposed sect10n of the wheel wells.
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Fig. 29a, b
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ACD, 0.0009
• AV, 4 mph

(a) Original full-length fairing.

NACA ACR No. L5A30

60D, 0.0012
~V, 5 mph

(b) Short-length fa1r1ng.

F1gure 29.- Land1ng-gear drag on a1rplane 10.

Removal of seals from the edges of 'the or1g1nal full-length fa1ring over the·
re~aoted land1ng gear on alrplane 10 lnoreased th~ drag ooeff1c1ent by 0.0009,

thereby indlcating that a1r was leak1ng through the ~1nch cracks at these polnts.
The short-length fa1r1ng, adopted for the product10n a1rplane', .ancr-eased the drag
coeff101ent 0.0012 over that measured for'the completely sealed fa1r1ng. Th1s
drag 1s due both to air leakage and the a1r-flow d1sturbance of the exposed parts.
These results show the importanoe not only of 1nstalling a fairing over the wheel
but also of completely sealing the wheel-well opening.
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~CD' 0.0009
~v, 5 mph

(a) AirplanE! 6.

Fi~re 30.- ~ail-gap drag.

An lncrease ln drag was measured when the tape seals and metal fairlngs were
removed trom the gaps on the horizontal and vert1cal tall surfaces 01' these alr~

planes. In order to reduce the drag due to these gaps,_ the lightenlng holes in the
spars 01' the tiXed part 01' the tall should be sealed, the gaps between the tiXed
and movable surfaces should be made as small as possible, and the fuselage should
be sealed ott at a rear bulkhead. . .
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Fig. 30b
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ACD' 0.0007
AV~ 4 mph

(c) .Airplane 11.

Figure 30.- Concluded........
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Fig. 31
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NACA ACR No. L5A30

ACD' 0.0005
AV, 3 mph

, Fi~ 31~- Drag ot tall wheel and arrestlng hook on airplane 10.

Removing seals and tairings trom the openings at the tall wheel and arrestlng
hook ot airplane 10 increased the dragcoettlcient by 0.0005. Thls 1ncrement 1s

_largely due to leakage through these openlngs. The drag ot these 1tems can be
reduced by external ta1r1ng andsea11ng or by internal sea11ng of the bulkhead 1n
tront of the tall-wheel well. '



acn, 0.0008
ss, 5 mph

Figure 32. - Armament drag on, airplane 4.

The drag-coetticlent.increment due to the installation ot one 37-millimeter
cannon, two .50-caliber machine guns, and two .30-caliber machine guns in the
nose ot this -airplane was 0.0008. This drag was measured as the dU'terence
between the smooth nose and the nose with guns installed. Internal sealing by
means ot close-fitting plates around the guns at the bulkhead through which the
~s proJe~t should eliminate a large part at this drag.

Fi g. 32
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,The~nose guns on airplane 11 were equ1pped w1th conlcal fa1rings to prevent
the flashes of gun f1re from b11nd1ng the pllot. Removlng the fa1r1ngs and
seallng the gun ports decreased the dragcoeffic1ent. by 0.0007. The modlfied
1nstallat1on that ellm1nated the sharp edges of the origlnal funnel-type fa1rings
increased the drag coeff1c1ent only 0.0003 above that measured'for the smooth nose
with no, guns.

Fig. 33a, b

\

o
G 2i I £LIPffli'tfi

tieD' 0.0003
boV. 2 mph

(b) Mod1f1ed 1nstallation.

F1gure 33.-Gun blast tubes on a1rplane 11.
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NATIONAL ADVISORY
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ACD' 0.0007
AV, 5 mph

(a) Original conical fairings.
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ACD, 0.0010
AV, 6 mph

F1~re 34.- Armament/drag on a1rplane 11.

The drag coetf1c1ept wa~ 1noreased 0.0010 by installing a .50-ca11ber underslung wing gun of type shown .
on eaoh wing. Test results showed that this increment could be reduoed to 0.0007 by sea11ng th. ~n pOrt 1n the'
nose ot the tairing. Because ot 1ts ~ternal ~ocation, this type ot ~n 1nstallation usually leads to high drag.

•



Fig. 35a, b,c
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l\Co, 0.0005
AV, 3 mph
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ACD. 0.0004
AV, 2 mph

(b) Airplane 10.

ACD, 0.0002
AV, 1 mph

Ca) Airplane 9.

NACA ACR No. L5A30

•
(0) Airplane 12.

F1gure 35. -" Cannon drag.

The drag lncrements due ~o the lnstallatlon ot two dummy 20~ml11lmeter-cannons

on each wlng ot alrplanes 9, 10i and 12 were low. Servlce cannon lnstallat10ns
that are talred and sealed shou d glve similarly low drag lncrements.
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ACD, 0.0007
AV, 3 mph

Figure 36.- ArmameQt dra~ on airplane 8.

This view of the rear canopy ot airplane 8 shows that about 1 toot ~f the barrel 'of the .50-caliber rea~ gun
1s exposed to the air' stream. stowing the gun within thetuselage should eliminate this drag increment.
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F1gure 37.- Canopy 1nstallat1on on airplane 90

A well-rounded canopy was 1nstalled to el1m1nate the sharp peak of the original canopy of a1rplane9.
Although the mod1f1ed canopy was larger 1n order to afford the p1lot greater V1sibil1ty, the canopy drag
coeff1c1ent was deoreased ~ 0.0004.
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Fi~re 38.- Canopy modification on airplane 4.

Theoanopy modification for airplane 4, whlch 1ncluded a 3~foot extenslon of the att~rbody,was des1gned to
reduce the, hlgh negative pressures over the canopy peak and to prevent flow separatlon at the,rear ot the canopy.
The crit1cal speed ot the canopy waa 1ncreased by 44 mlles per hour as a ~esult ot thls modification. Drag results
are unavailable tor these conflguratlons. G
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Fi~re 39.- Radio-antenna drag on airplanes 6, 19, and 2.

The drag-coefficient increments were measured as the difference between the
drag with radio anhnnas ins talled and removed. The cirag due to -eaoh ot these
installat10ns 1s excess1ve and 1s due mainly t.o the th1ck antenna masts. Low
drag'rad1o-antenna installations are ~hown 1n f1gure 40~

Fig. 39a,b,c

liCD' 0.0004
AV, 2 mph

(a) Airplane 6.
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cjtCM__LPff'!P

Ii~, 0.0004
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.( 0) A1rplane 2•
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Ca) Airplane 11.
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(b) A1rplan8 12.

1I'1gure 40. - Rad1o-antoenna drag on a1rP1ane. 11 and 12.

. 10 increase 1n drag was .easured when t.hese rad10 antennas were 1nst.a11ed on
t.h.e a1rp1anes.
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